Introduction
Yacon, originating in the Andes, is a tuberous root that stores fructooligosaccharides (FOS) . A key property of FOS is that these sugars are not digested by the human body, the body is not capable of producing enzymes to hydrolyze this sugar, and therefore it is classified as a dietary fiber or as soluble fiber (Ojansivu et al., 2011) .
Despite its pleasant fruity flavor, production in Brazil is low and consumers lack a great deal of information regarding this food. Other fruits which have undergone fermented alcoholic technologies, with the aim of promoting increased production are cacao (Dias et al., 2007) , gabiroba (Duarte et al., 2009) , cupuaçu (Duarte et al., 2010) , litchi (Wu et al., 2011) cagaita (Oliveira et al., 2011) .
The production of fermented alcohol is very promising. The best known is the wine that comes from fermented grape, which is considered one of the oldest drinks in the world and part of the culture of different countries. Its complex aroma, from the dynamic process of fermentation generates fascination among researchers, resulting in numerous studies (Wu et al., 2011; Fanzone et al., 2012) .
The chemical complexity of this product is wide ranging with the aromatic compounds being derived from a raw material through the fermentation process or through the metabolism of the yeast. There are many variables which can influence the chemical composition of the final product, such as, raw material and processing characteristics. Specifically these variables consist of soil, climate, temperature and pH of the fermentation process as well as the variety in yeast strain used (Soleas et al., 1997; Diäaz-Maroto et al., 2005; Meillon et al., 2009 ).
After the process of fermentation, it is a very common practice to allow the fermentate to age in a process called aging. Research must be conducted to see whether the fermentation or aging is unfavorable. During this phase, numerous variables influence the characteristics of the final product, for example, the type of positioning of the bottle closure, temperature, and ambient light, in addition to the natural chemical reactions which occur inside the cylinder with time (Rapp, 1998; Lopes et al., 2006; Recamales et al., 2011) .
The process of fermenting fruit is old, but continues to draw attention by using unconventional raw material such as yacon tuber. The preparation of a fermented alcoholic would come against the problem of perishability of the tubers, as well as the demand for new products in the consumer market.
The present study is to investigate the behavior of the alcoholic fermentation of yacon. This was conducted during an aging duration of one year through evaluating physical chemistry, biochemistry, antioxidant capacity and sensory profile thereof. new fermentation in relation to the perception and the intensity of each attribute (taste test). All the sensory analysis were conducted with the approval of the Research Ethics Committee of Federal University of Goiás with the protocol 009 /2012.
Acceptance -Untrained sensory tasters
For acceptance of the alcoholic fermentate, the tests were carried out with 100 untrained panelists in individual booths. The samples were presented in random order. Samples (fermented of yacon and white wine) with the same characteristics in sugar and alcohol content were presented at the temperature of 17 °C and fermentate acceptance was assessed in relation to the attributes of appearance, aroma, flavor and their overall impression. Panelists recorded their notes on cards with 9-point hedonic scale for each attribute. Purchase intent of assessors was also analyzed. All the sensory analysis were conducted with the approval of the Research Ethics Committee of Federal University of Goiás with the protocol 009/2012
Statistical analysis
The evaluation of the influence of variables in relation to the time of fermentation was performed using the Friedman test for paired comparison and variable with respect to time using Wilcoxon test. The analysis for antioxidant activity (DPPH and ABTS) was performed using Pearson correlation. For the sensory analysis of trained tasters, analysis of variance -(ANOVA) and Tukey multiple comparisons were used. Student t test was used for sensory analysis of acceptance (untrained tasters). All tests were applied with a significance level of p < 0.05.
Results

Chemical monitoring during the aging
The yacon fermentate showed an increase in acidity during one year (Table 1) , which indicates a statistical difference during aging, which shows the influence of time on this constituent. Even with this increase due to time, in the end, the value found (82.00 meq/L) is within the values allowed by the Brazilian legislation (Brasil, 1988) , whose ceiling is 130 meq/L.
Other fermented fruit acidity values were lower than yacon, like fermented apple 60.22 meq/L (Satora et al., 2009 ) and cagaita (Oliveira et al., 2011 ) with 55.6 meq/L.
The total acidity of the fermentate comprises two types of acidity, volatile and fixed. The first is removed during the distillation; acetic acid being the primary one. Since the second (fixed) refers to carboxylic acids, tartaric, citric, malic, lactic, succinic, capric, oxalic, fumaric, all responsible for the pH control (Soleas et al., 1997) . Therefore, the overall acidity increase can be attributed to an increase in volatile or fixed acidity. Recamales et al. (2011) reported that during one year of aging there is an increase of some carboxylic acids such as capric acid.
The major component of volatile acidity is acetic acid. The conversion of ethanol to acetic acid is produced in the presence of oxygen, by means of acetic acid bacteria (Acetobacter aceti
Methods
Chemical control
After preparation, the product was placed in glass bottles, capped with screw caps and sealed with paraffin, placed horizontally at 15 °C and stored for one year in an appropriate cellar without light for the respective aging.
Chemical analyses were performed every two months on the product and for one year. These analyses included (Latimer, 2006) , total acidity, volatile acidity, free and total sulfur dioxide (Brasil, 1988) , reducing sugars, modified sucrose (Miller, 1959) , phenolic compounds according to the spectrophotometric method using the Folin-Ciocalteu 765nm range and standard curve as gallic acid (Zieliski & Kozowska, 2000) and fructooligosaccharides (Jermyn, 1956) .
After one year of aging, the alcohol content was evaluated (Brasil, 1988) , as well as the content of methanol (Rizzon & Miele, 2003) . To measure ethyl carbamate (Brasil, 1988) and its respective antioxidant activity, the following methods were used: DPPH (2,2-diphenyl-1-picryl-hydrazyl) -which is based on the capture of DPPH by antioxidant (Trolox), producing a decrease in absorbance at 515 nm. The results were expressed in mg of Trolox/mL (Brand-Willians et al., 1995) .
ABTS (3-ethylbenzothiazoline-6-sulfonic acid) -a method which applies to hydrophilic and lipophilic antioxidants. ABTS radicals are generated by oxidation of ABTS with potassium persulfate which is subsequently reduced in the presence of hydrogen donor by the antioxidant (Trolox). The results were expressed in mg of Trolox/mL (Rufino et al., 2007) .
Sensory profile -Trained tasters
Sensory evaluation was performed following one year of storage, with ten qualified tasters in the sensory analysis of grape wine, with ages ranging from 38 to 60 and are members of the Association of Sommeliers Goiania. The attributes selected for analysis were those normally used by trained panelists.
The quantitative descriptive analysis was based on two structured scales, a six point and another four point (Figure 1 ). Fermentate analysis was conducted on yacon along with the usual rules and regulations of the testers. Two types of white wines that served as a standard by the trained group, Chardonnay and Sauvignon Blanc, were used. The choice of white wine was due to the resulting final color after one year of aging yacon fermentate.
The samples were served in standard glass cups for analysis of wine (30 mL) according to ISO 3591 (International Organization for Standardization, 1997), covered with glass to minimize the loss of volatile compounds and enumerated with random three digits numbers.
The location that was used for analysis adhered to the standards according to ISO 8589 (International Organization for Standardization, 1998), which recommend individual cabins with a room temperature of 18-21 °C. These analyses were performed in order to obtain an indication of the influence of the At the end of the storage period, sulfur dioxide levels in the fermented yacon reached total levels of (21.4 mg/L), being within the parameters set by the law. Over time the level of free sulfur dioxide and total sulfur dioxide is significantly reduced. Godden et al. (2001) stored white wine grape Sémillo for 6 months to a year, and both groups showed a significant reduction in both the total and free sulfur dioxide content. After bottling, oxygen present in the space between the lid and the product reacted with the anhydride present in the fermentate. Theoretically, one mole of O 2 reacts with two moles of SO 2 . Additionally, the reduction of SO 2 can also occur through oxidation with phenolic compounds (Kwiatkowski et al., 2007) .
The yacon stores fructooligosaccharides (FOS). FOS is in fact a sugar that is not digested by the human body because the body is unable to produce enzymes for hydrolyzing, giving them the classification as a dietary fiber or as soluble fiber (Valentová & Ulrichová, 2003; Santana & Cardoso, 2008) .
By producing the fermented alcohol from yacon, it was expected that yeast, like humans, not would not hydrolyze the FOS, but this was not what was observed. Before starting the process of producing the fermented tuber, it was determined that its FOS content was 32%. At the end of the fermentation process, and the beginning of the storage period, the content in the fermented was 0.46%, showing that yeasts, unlike humans, were able to hydrolyze the FOS and use it by converting sucrose to ethanol. This was also confirmed by Hondo et al. (2000) , when they performed their research using the yacon in the production of vinegar they also observed that at the beginning of fermentation of FOS the percentage was 7.2% and at the end of fermentation (10 days), the FOS amount dropped to 0.4%, clearly indicating that these polysaccharide transforming yeast consumed alcohol.
Another great advantage in relation to food, is the content of phenolic compounds. Phenolic compounds are closely related to the ability to have bioactive anti-inflammatory and antioxidant activity, as has been shown previously in the prevention of the development of neurodegenerative diseases, cardiovascular diseases and cancer (Padilla et al., 2005; Kallithraka et al., 2009; Towantakavanit et al., 2011) .
After a year of aging fermented yacon, it was found to have 223 mg/L of phenolic compounds, a considerable amount when Acetobacter pasteurianus) that are undesirable in fermented products. Elevated amounts of such bacteria are regard as one of the major problems of fermentation (Bartowsky et al., 2003) .
Acetic acid bacteria are considered aerobic (survive in environments where oxygen is available), but Drysdale & Fleet (1989) demonstrated that these bacteria are found in fermented products, because they are able to survive in semi-anaerobic conditions and anaerobic (anaerobic with fractions of oxygen). During the aging of fermented yacon, volatile acidity was significantly influenced by increasing its content through of 6 th bimesters periods (Table 1 ). The final value was found to be (3.3 mEq/L) which is within the standards allowed by the Brazilian legislation of 20 mEq/L. This demonstrates that oxygen was received, even with paraffin film wrapped on the top.
According to Brazilian law, for a fermented alcoholic to be considered soft, it must have a minimum amount of glucose (sugar lowering) of 20.1/L. After a year, the fermented of yacon presented a value of 34.7 g/L, which is regarded as a soft alcohol.
According to Rapp (1998) , during the aging of wine, chemical changes occur, including the decrease and increase in esters of carboxylic acids and acetates and hydrolysis sugars. The latter is one of the changes that occurred throughout the aging process since there was a significant reduction of the reducing sugars. Lambri et al. (2012) stored white wine grapes originating from Chambave Muscat, for six months and found that there was also a decrease in reducing sugars at the end of that period. The sucrose content did not significantly differ following twelve months. This was most likely due to the presence of non-active yeasts which produce saccharifying enzymes responsible for hydrolyzing the sucrose. This remained constant throughout the storage period.
One of the most variable components in the fermentate is sulfur dioxide. It serves as an antiseptic and antioxidant, preventing the occurrence of undesirable bacteria, yeasts and enzymatic browning. The active part of the sulfur dioxide is what we call free sulfur dioxide. However, besides being a component toxic to humans, it is still responsible for some allergic effects and because of this the Brazilian legislation imposed a limit of 350 mg/L for fermented fruit (Rizzon & Gatto, 1987; Brasil, 1988; Cejudo-Bastante et al., 2011) . used here are those of DPPH and ABTS, and the unit is in both trolox equivalent (TEAC) (Fernandes-Panchon et al., 2004 ).
The results found for both yacon fermented with ABTS (1,413 mM Trolox equivalent) and DPPH (1.605 mM Trolox equivalent) show an optimal antioxidant activity in comparison with the results for white wines, 0.84 mM Trolox equivalent (DPPH) (Kallithraka et al., 2009 ) and 1.77 mM trolox equivalent (ABTS) (Milardovic et al., 2007) and when compared to fermented apple of 0.46 mM trolox equivalent (ABTS) (Satora et al., 2009 ).
According to Rapp (1998) , the main stages of sensory analysis in fermented alcoholic beverages are the aroma and flavor. The aromatic part is formed by compounds originating in the raw material during the mechanical processes, fermentation and aging. The flavor portion is formed, mainly during fermentation to ethanol, glycerol, higher alcohols and organic acids.
Alcoholic fermentation is very complex, and there are many studies that have been conducted with the attempt to determine which compounds are responsible for each sensory characteristic, but so far there is no exact answer to this question (Sivertsen et al., 2001; Dooley et al., 2012) .
For attributes of color, tannins and body, there were no significant differences observed between the fermented yacon (Table 3 ) and the two white wines. In relation to acidity, there was no difference between fermented yacon and the Sauvignon. The differences (Figure 1) were produced in the presence of attributes which were of greater complexity: such as the olfactory, gustatory and persistence qualities. Dooley et al. (2012) conducted an analysis on white wines (Cabernet Sauvignon) with trained sensory panelists and achieved lower scores than those found in this study, with a persistence of 5.7, taste quality 5.94, 6.64 and olfactory quality.
The duration of aging is still somewhat uncertain due to the complexity of this product. Some researchers claim that at 10 months of aging, the fermentate begins to lose its aromatic components, mainly those which are responsible for the fruity aromas (Sivertsen et al., 2001; Recamales et al., 2011; Makhotkina et al., 2012) . This may be one reason why the olfactory quality of the fermented yacon decreased compared to grape white wines. Even so, the alcoholic yacon fermentate was well accepted with regards to its descriptive attributes identified by testers trained when compared with wines already established on the market.
Sensory acceptance -Untrained tasters
Untrained tasters in sensory analysis performed acceptance testing (Table 4) of fermented yacon and white wine (11% smooth GL) found to be acceptable in the markets of the city of Goiânia, Brazil. As seen, the long duration of aging may have been detrimental to the characteristics of fermented yacon, compared to white wines: 221 mg / (Sanchez-Moreno, 2000) , 515 mg/L (Satora et al., 2009) , and 367 mg/L (Girard et al., 2001 ). The value found in this study, however, was much lower than that found for the fermentation of kiwi, 714 mg/L (Towantakavanit et al., 2011) .
After one year of aging, the alcohol was verified to be 13% v / v methanol values of 0.113 (g/L) and antioxidant activity by the methods of DPPH and ABTS (Table 2) .
Methanol or methyl alcohol, is of great concern, and is controlled by the Brazilian legislation. When ingested in amounts greater than 340 mg/Kg, the body undergoes oxidation in the body, resulting in formaldehyde and formic acid, which are very toxic to the central nervous system. Some of the consequences when ingested in excessive amounts are dizziness, unconsciousness, respiratory arrest and cardiac (Soleas et al., 1997; Pereira & Moretti, 1998; Cabaroglu, 2005) .
The value at the end of storage for the fermentation of yacon (0.113 g/L) is less than 0.35 g/L, which is allowed by Brazilian legislation (Brasil, 1988) and the tax limit (0.15 mg/L) by the International organization of grapes and wine (IOV). The value found in this study is similar to those found for white wines of 0.12 g/L (Cabaroglu, 2005) and lower than that found in fermented apple (Satora et al., 2009 ) of 0.38 g/L and Kiwi (Soufleros et al., 2001 ) of 0.48 g/L while these are at the very top limit allowed by law.
The formation of methanol in alcoholic fermentation is produced by the action of pectinase enzymes on the pectins present in the feedstock. In this reaction, methyl groups are released as methanol, hence, the final content of this compound in the fermentation depends on the amount of pectin matter in the original material as does the degree of methylation (Soleas et al., 1997; Soufleros et al., 2001; Satora et al., 2009 ).
Another important factor and one of the most studied properties in relation to the consumption of alcoholic beverages is its antioxidant capacity. This is because in the human body the cause of various diseases are linked to the formation of free radicals, which, in turn, get "attacked" by antioxidants (Fernandes-Panchon et al., 2004; Kallithraka et al., 2009) . The advantage of alcohol in relation to the content of antioxidants is in fact its bioavailability, as they are more soluble in ethanol than with water (main food component) (Soleas et al., 1997) .
The main problem in the determination of these compounds is the fact that there is no standardized method. The methods Table 2 . Antioxidant activity and the content of fermented yacon methanol after one year of aging. 
Discussion
About the chemical characteristics, the acidity is one of the most important one, the differences between the levels of acidity in fermented fruits are attributed to different processing methods, time of year, and the characteristics of the raw material (Holt et al., 2008; Gómez García-Carpintero et al., 2012) . Acidity is an extremely important parameter, but also directly involved in the sensory properties of fermentation. According to Soufleros et al. (2001) and Cliff et al. (2007) , it was demonstrated that the greater the degree of maturity of the raw material used, the lower the acidity of the alcohol fermented.
About the volatile acidity, the increase presented on this study can be explain by Bartowsky et al. (2003) and Mas et al. (2002) , that demonstrated that conducting the aging process with bottles placed vertically using screw caps and rubber closures, allowed higher oxygen input and thus a higher content of volatile acidity. In this study, despite having been aged in a horizontal position, the bottles was closed with screw cap, sealed with parafilm and maybe that is the reason for higher oxygen input and significant increase in volatile acidity.
The sulfur dioxide when is in excess, is toxic to humans, and it can react with acetaldehyde in the fermented, resulting in an undesirable residual flavor in the product (Satora et al., 2009) . Over time the level of free sulfur dioxide and total sulfur dioxide was significantly reduced, showing the ability to protect the product.
The content of fructooligosaccharides was not expected to decrease, but according to Rapp (1998) , after the fermented is bottled, remaining simple sugars can undergo hydrolysis or form complexes. Monagas et al. (2006) also argue that, even after the filtering process, the fermentation may have "residual micro-organisms" that can convert sugar into alcohol. These are some hypotheses that may explain the reasons why there is a significant decrease FOS throughout the storage period.
During the entire period of storage of fermented yacon, a significant increase in phenolic compounds was observed, as was observed in red wine stored for a year and a half, studied by Monagas et al. (2006) . This may be due to a gradual causing loss of aromatics (Sivertsen et al., 2001; Recamales et al., 2011; Makhotkina et al., 2012) .
Besides the duration of aging, different methods of processing the raw material for the production of fermented yacon may have also generated differences in olfactory evaluation (Losada et al., 2012) .These may be some of the reasons which caused the attributes of odor to be significantly lower for fermented yacon (Table 4) . Gonzalez-Vinas et al. (1997) evaluated the aging of white wine at different stages and concluded that the aging time also decreases the overall impression, as was observed in the fermented yacon. The results described above, along with supporting work from other authors, we are able to come to some important conclusions. and constant increase of solubility of these compounds in ethanol (Baiano et al., 2009; Towantakavanit et al., 2011) or because these compounds have many components that each react differently during storage, the final content of phenolic compounds depends on the composition thereof as (caffeic acid, ferulic acid and coumaric) which increases with storage time (Kallithraka et al., 2009) .
After one year of chemical analysis a sensory study was realized. There are still other difficulties in the sensory evaluation of the product, as its aromatic characteristics vary according to the climate, the soil, the yeast used, the temperature of fermentation and aging method. Moreover, there is no sensory profile of consumers. This is because there is a big difference between the "experts" in sensory analysis and consumers who both frequently and infrequently ingest fermented products (Rapp, 1998; Recamales et al., 2011; Dooley et al., 2012) .
On the sensory study with the trained tasters and with the untrained tasters, the fermented of yacon had lower values than the commercial ones. Factors that may have been attributed to significantly lower values when compared to white wines are, time and position of the bottle during aging, type of yeast and raw materials used and the processing method (Wu et al., 2011; Oliveira et al., 2011; Losada et al., 2012) . Meillon et al. (2009) , argued that the persistence of a fermented is linked to its complexity and ethanol content, therefore, this difference was also a sensory feature of the fermented yacon. Possible that one of the main factores of influence for flavor was ethanol content, or its alcohol content. Ethanol reduces the evaporation of volatile compounds, therefore generating different amounts of different sensations of aromatic alcohol (Soleas et al., 1997) .
In addition, up 12.5% alcohol levels, the taste may be compromised by the high alcohol content (Soufleros et al., 2001; Towantakavanit et al., 2011) . This may be the reason that the fermented yacon had significantly lower flavor attributes, once the alcohol content was 13%. Another possible explanation for the observed differences in this sensory study was the screw caps used in the bottles sealed during aging. This type of cover diminished the persistence and decreased the sensory quality of the fermented (Lopes et al., 2006) . After all, the alcohol from fermented of yacon is chemically stable, maintaining total acidity, sulfur dioxide and volatility, within the limits of the law Brazilian throughout aging. It also showed considerable antioxidant potential, a low methanol content and was accepted among trained and untrained tasters.
Throughout the processing parameters describes, this paper shows through control of aging and certain chemical parameters, the aging time of one year is excessive and has been attributed to the loss of aromatic compounds. From this study, it can be determined that with shorter times of aging, one can minimize these quality losses.
